We present constraints on the physical properties of the ionized gas responsible for hydrogen radio recombination lines (RRLs) near 327 MHz detected in a recent Galactic plane survey made with the Ooty Radio Telescope. To obtain these constraints, we combined the data at 327 MHz with previously published RRL observations near 1.4 GHz. The density of the ionized gas is well constrained and is in the range of 1 to 10 cm~3. The data implies upper limits to the temperature and size of the line emitting regions of D12,000 K and D500 pc, respectively. Assuming an electron temperature of 7000 K, the derived path lengths of the line emitting region are in the range of 20 to 200 pc. The derived properties of the ionized gas responsible for the RRL emission near 327 MHz suggest that most of the [N II] 205 km emission and a considerable fraction of the [C II] 158 km emission observed in the Galactic plane by the COBE satellite could also originate in the same gas. The Ha emission from these ionized gases is mostly undetected in the existing Ha surveys because of large interstellar extinction. About 50% of the free-free absorption of the Galactic nonthermal radiation observed at frequencies less than 100 MHz can be accounted for by the same ionized gas. We also discuss the origin of this low-density ionized gas in the inner Galaxy. The derived low line-of-sight Ðlling factor (\1%) for this ionized gas indicates that it does not form a pervasive medium. On the basis of the similarity of the distribution of this gas in the Galactic disk with that of the star-forming regions and the range of derived physical properties, we support the earlier suggestion that the low-frequency RRL emission originates from low-density ionized gas, which forms envelopes of normal H II regions.
INTRODUCTION
The Galactic disk contains several forms of ionized gas. At the one extreme, there are the two types of widely distributed ionized gases with very low average density that are a part of the general interstellar medium ; the warm ionized medium (WIM) Kulkarni & Heiles 1988) . The volume Ðlling factor of these components in the ISM is large ( f D 0.2È0.7). At the other extreme are the ultracompact H II regions with n e [ 104 cm~3 and sizes >1 pc that are formed around young, hot stars (Wood & Churchwell 1989) . Between these two extremes, there are a variety of H II regions over a wide range of densities cm~3) and a relatively (n e D 1È1000 narrow range of temperatures K). The (T e D 3000È10,000 sizes of these regions range from a few parsecs to few tens of parsecs. Somewhere between the two extremes mentioned above, there also appears to be a low-density extended ionized component in the inner Galaxy. This component has been referred to as "" extended low-density ÏÏ (ELD) ionized gas by Mezger (1978) and as "" extended low-density warm ionized medium ÏÏ (ELDWIM) by Petuchowski & 1 The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc. Bennett (1993) , Heiles (1994) , and Heiles, Reach, & Koo (1996b) .
Observationally, the low-density extended ionized medium in the inner Galaxy was identiÐed through the detection of radio recombination lines (RRLs) at several positions along the Galactic plane that are free of discrete continuum sources (Gottesman & Gordon 1970 ; Gordon & Cato 1972) . Subsequently, this low-density component has been systematically observed in RRLs near 1.4 GHz by Hart & Pedlar (1976b) , Lockman (1976 Lockman ( , 1980 , Cersosimo (1990) , and Heiles et al. (1996b) . Recombination lines from this gas was also observed by Anantharamaiah (1985a Anantharamaiah ( , 1985b near 325 MHz. One general result of these observations is that RRLs at l \ 1.4 GHz are detected at almost all the observed positions in the inner Galactic plane ( o l o \ 80¡). Recently, new extensive observations of this low-density ionized component in radio recombination lines at frequencies near 327 MHz were made by Roshi & Anantharamaiah (2000 ; hereafter Paper I and Paper II) using the Ooty Radio Telescope. From the theory of RRLs, it can be shown that RRLs at low frequencies (\1 GHz) do not originate in normal high-density H II regions because of the e †ects of continuum opacity, pressure broadening, and beam dilution (Shaver 1975) . Observations of low-frequency RRLs are therefore sensitive to relatively low density cm~3), large angular sized (tens (0.5 \ n e \ 50 of arcminutes) ionized regions.
The detection of low-frequency RRLs from almost all the observed positions in the Galactic longitude range 0¡ to 40¡ has led to di †erent suggestions for the origin of the lowdensity gas. For example, Matthews, Pedlar, & Davies (1973) and Shaver (1976) have suggested that they are large, evolved low-density H II regions. On the other hand, Anantharamaiah (1986) has argued that this low-density gas is simply the outer envelopes of the normal (usually higher density) H II regions. Based on the ubiquity of the RRL emission in the inner Galaxy as seen in their recent observations, Heiles et al. (1996b) have associated the lines with the ELDWIM, which they picture as a higher density version of the local WIM. Heiles et al. (1996b) also suggest that about 17% of the low-frequency emission arises in wormlike structures that are the walls of cavities blown by clustered supernova and ionized by hot stars in the same cluster.
To understand the extended low-density ionized gas in the inner Galaxy, it is essential to determine the distribution of the gas in the Galactic plane and compare it with that of other components of the ISM. It is also essential to determine the physical properties of the ionized gas. Information about the angular extent of line emitting regions is needed for determining the physical properties. A study of the distribution of RRL emission in the Galactic disk and comparison with other components were presented in Paper I. The angular extent of the line emitting region is studied by making RRL observations near 327 MHz with a 2¡ ] 6@ beam (Paper II). This paper presents constraints on the physical properties of the ionized gas responsible for RRL emission near 327 MHz in the inner Galaxy (l \ 332¡ to 0¡ to 89¡) by combining the data presented in Paper I and the results of Paper II with other existing observations. A brief summary of the data used for the analysis is presented in°2. Section 3 describes the derivation of the physical properties using the data and a simple model. In°4, the derived parameters are used to estimate the expected [C II] 158 km, [N II] 205 km, and Ha line intensities and the free-free absorption of the Galactic nonthermal emission near 34.5 MHz caused by this gas. The estimated values are then compared with published observations. Section 5 discusses the possible origin of the low-density ionized gas. Section 6 summarizes the paper.
SUMMARY OF OBSERVATIONS AND BASIC RESULTS
The RRL surveys, which were described in detail in Papers I & II, were made using the Ooty Radio Telescope (ORT). ORT is a 530 m ] 30 m parabolic cylinder operating at a nominal center frequency of 327 MHz (Swarup et al. 1971 ). The observations were made with two di †erent angular resolutionsÈ2¡ ] 2¡ (low-resolution survey) and 2¡ ] 6@ (higher resolution survey). A part of the ORT, called a "" module,ÏÏ was used for the low-resolution survey, which is described in Paper I. The higher resolution survey was made with the full telescope and is described in Paper II.
In the low-resolution survey, 51 positions were observed in the inner Galaxy : longitude range l \ 332¡ to 0¡ to 89¡ and b \ 0¡. The positions were separated in longitude by D2¡ ] sec (d), d being the declination. RRLs of hydrogen were detected in D80% of the observed positions. In the outer Galaxy (172¡ \ l \ 252¡), a total of 14 positions, spaced by D5¡È7¡ in longitude, were observed. Only three out of these 14 observed positions yielded marginal detection of hydrogen lines. At two speciÐc longitudes in the inner Galaxy and spectra were taken in steps (l \ 0¡ .0 13¡ .9), of 1¡ up to b \^4¡ to study the latitude extent of the ionized gas. These observations detected hydrogen lines up to b D^3¡. The observed line proÐles and line and continuum parameters have been presented in Paper I. Seven 2¡ wide Ðelds and two 6¡ wide Ðelds in the inner Galaxy were observed in the higher resolution survey with the 2¡ ] 6@ beam. RRLs were detected in almost all the individual positions within the Ðelds with l \ 35¡ and at several individual positions within the Ðelds in the longitude range l \ 35¡ to 85¡. These observations and results are presented in Paper II.
In addition to the RRL data near 327 MHz presented in Papers I & II, RRLs near 1.4 GHz were observed earlier at intervals of 1¡ in the inner Galaxy by Lockman (1976 Lockman ( , 1980 and Hart & Pedlar (1976b) and more recently at Ðner intervals and also at higher Galactic latitudes by Heiles et al. (1996b) . Near l \ 335¡, RRLs were observed at this frequency by Cersosimo (1990) . In Paper I, these observations were used to study the distribution of the ionized gas in the inner Galaxy. The similarity of the l-v diagram and the radial distribution of the RRL emission near 327 MHz and 1.4 GHz (Paper I) suggests that they originate from the same ionized regions. The widespread detection of RRLs near 1.4 GHz in the inner Galaxy and the detection of lines at positions where there are no strong continuum sources also supports the fact that they originate from extended regions which the 327 MHz observations are sensitive to (Hart & Pedlar 1976b ; Lockman 1976 Lockman , 1980 Cersosimo 1990 ; Heiles et al. 1996b ). To our knowledge, no other RRL observations are available that can be considered to originate from the same regions. Upper limits on hydrogen line intensity near 75 MHz were available from the data of Erickson, McConnell, & Anantharamaiah (1995) . These observations were limited to the longitude range^20¡ about the Galactic center.
PHYSICAL PROPERTIES OF THE LINE EMITTING REGIONS
The intensity of recombination lines at di †erent frequencies is determined by the physical properties of the ionized gas emitting the lines and the intensity of the background radiation. The physical properties of interest are the electron temperature, the electron density, and the size of the region. These quantities are evaluated from RRL data by computing the expected line emission as a function of frequency based on a simple model and comparing them with the observed values.
3.1. A Simple Model We consider a single homogeneous ionized cloud embedded in the Galactic nonthermal background radiation Ðeld. The line intensity from such a cloud can be obtained by solving the radiative transfer equation. The line brightness temperature which is the excess temperature above the T LB , continuum temperature, can be written as (Shaver 1975 )
where is the temperature of the Galactic background T 0bg,l radiation incident on the cloud, is the electron tem-T e perature of the ionized gas, is the temperature of the T M background radiation intensity within the cloud and is q Cl the continuum optical depth. The non-LTE line optical depth of the spectral transition from energy state m to n is where is the LTE line optical depth.
are the departure coefficients of state n and are
Here and represents the atomic level population of N n * N n the state n in LTE and non-LTE, respectively, is the E nm energy di †erence between states m and n and *n \ m [ n. In equations (1) and (3), is the departure coefficient for b m state m. Assuming that the Galactic background emission extends over a line-of-sight distance (i.e., the extent of D bg the Galactic disk along the line of sight) with uniform emissivity, and are obtained as follows :
where is the observed Galactic background tem-T bg,l perature, and S is the size of the ionized gas.
is the D c distance to the ionized gas, which can be obtained from the observed central velocity of RRLs if we make the standard assumption that the observed central velocity is caused by di †erential Galactic rotation. The observed line temperature is related to the computed brightness tem-T LA perature as
where is the solid angle of the cloud, is the half-) cloud ) B power beam solid angle of the telescope and is the maing B beam efficiency.
Using the above equations and the observed line parameters, it is possible, in principle, to constrain the physical properties of the ionized gas. Since the line intensity depends on more than one parameter, better constraints are obtained if RRL observations from the same ionized gas are available at di †erent frequencies. Sections 3.4 and 3.5 combine our 327 MHz observations with those near 1.4 GHz and 75 MHz to constrain the physical properties of the ionized gas (see also°2). In the models presented in this paper, the line emission is assumed to originate from a single homogeneous ionized region characterized by an electron temperature density and size S. Although T e , n e , this is an oversimpliÐcation, the available data does not warrant any more details about the regions.
Angular Extent of the L ine Emitting Region
The angular extent of the ionized region is not () cloud ) determined observationally because of the coarse angular resolution. This parameter is required to estimate the line brightness temperature from the observed line antenna temperature to compare with the prediction by the model (see eq.
[6]). The data presented in Paper I indicate that the angular extent of the cloud may be smaller than the beam (D2¡ ] 2¡), at least in some cases : the line intensity and the line proÐle changes signiÐcantly from one position to another, which are separated by about 2¡ in longitude. Along the Galactic latitude, we have observations only at two speciÐc longitudes These observations (l \ 0¡ .0, 13¡ .9). indicate that the line emission is extended in b over D1¡ .8 (FWHM) (Paper I). However, an examination of the line proÐles at di †erent latitudes at l \ 0¡ shows that the proÐle changes when the beam center is shifted by^1¡ along b. These changes indicate that the emission from an individual ionized region may have an angular extent less than 2¡ along Galactic latitude. However, at the line emisl \ 13¡ .9, sion appears to extend beyond^1¡ along b. Higher angular resolution (D2¡ ] 6@ ; Paper II) observations toward some of the positions show that the line emitting region may have an angular extent greater than 1¡. Based on these observational facts, we assume a cloud size of (along 
Distance to the L ine Emitting Region
Another unknown quantity is the distance to the ionized region, which is required to estimate the background radiation intensity at its position (see eq.
[4]). For modeling presented here, we considered both the "" far ÏÏ and "" near ÏÏ distances based on the observed central velocity of line emission and the rotation curve given by Burton & Gordon (1978) after scaling to kpc and km s~1 R _ \ 8.5 h 0 \ 220 (Kerr & Lynden-Bell 1986) . Nearer the Galactic center ( o l o \ 4¡), the peculiar motion of the ionized gas can dominate over the Galactic di †erential velocity ; hence, the kinematic distance estimate is not reliable. For lack of a better strategy, the ionized gas is assumed to be at half the distance to the Galactic center at these longitudes. The background radiation temperature at the location of the ionized region is then obtained by using the distance to the ionized region, the measured continuum temperature near 327 MHz, and computing the total column length for the radiation by assuming a Galactic disk of radius 15 kpc (see eq.
[4]). The equivalent temperature of background radiation within the cloud (see eq.
[5]) is computed for each model cloud size S using the assumed total column length for the radiation and the measured continuum temperature near 327 MHz. The radiation temperature is scaled to di †erent frequencies using a spectral index of [2.7 (Salter & Brown 1988) .
Density of the L ine Emitting Cloud
One important aspect of the interpretation of the lowfrequency RRL emission is that the density of the ionized gas is well constrained just from the recombination line observations near 1.4 GHz and 327 MHz (Anantharamaiah 1985b , also see below). This is because of the markedly di †erent dependence of line intensity on density at the two frequencies. We have used this aspect for estimating the density of the ionized gas at various observed positions. The angular resolution (D2¡ ] 2¡) of 327 MHz observations (Paper I) is coarse compared to that of the observations near 1.4 GHz. The HPBW of the observations by Lockman (1976 Lockman ( , 1980 was 21@, those by Hart & Pedlar (1976b) were 31@ ] 33@, those by Cersosimo (1990) were 34@, and those by Heiles et al. (1996b) were 36@ (also 21@ for the observations with the 140 foot [43 m] telescope). All together there were about 274 positions observed near 1.4 GHz in the longitude range of interest (i.e., 332¡ to 0¡ to 89¡) and within b \^1¡. To obtain the line intensity near 1.4 GHz that would be observed with a beam similar to that of 327 MHz observations, we followed the scheme described below. Care was taken to eliminate those positions observed at 1.4 GHz which had possible contribution from known, smalldiameter H II regions since such objects would not have contributed to the observed line emission at 327 MHz. H II regions were identiÐed using the continuum maps of Altenho † et al. (1979) and Reich et al. (1990) and higher frequency RRL observations of Caswell & Haynes (1987) , Lockman (1989) , and Lockman, Pisano, & Howards (1996) . Using these criteria, a total of 137 positions observed in RRLs at 1.4 GHz were selected. Using these data, composite spectra were constructed from Gaussian components of the lines detected in all the observed spectra inside the D2¡ ] 2¡ beam. Examples of composite spectra are shown in Figure  1 . The line parameters were then obtained from a singlecomponent Gaussian Ðt to these composite spectra. If a composite spectrum contained spectral components with "" large ÏÏ di †erence in central velocities, then the parameters of the component with the central velocity nearest to that of the line detected at 327 MHz were obtained with a singlecomponent Gaussian Ðt. Most of the positions (D92%) had only one component in the composite 1.4 GHz spectrum and the central velocity of the spectral feature matched within^5 km s~1 of the line observed near 327 MHz. The width of the line in some cases, however, was larger than that observed near 327 MHz. The peak line temperature obtained from the composite spectra was taken as the line brightness temperature near 1.4 GHz and is given in Table 1 . Table 1 gives the input parameters used for modeling. The method used for constraining the density of the ionized gas is illustrated using the data at the position G11.6]0.0. The modeling starts with the computation of the departure coefficients, which are functions of the electron density and temperature. We used the computer code originally developed by Brocklehurst & Salem (1977) and later modiÐed by Walmsley & Watson (1982) and Payne, Anantharamaiah, & Erickson (1994) for the computation of the departure coefficients. Two of the input parameters for this computation, namely, the nonthermal background temperature at 100 MHz, and its spectral index a were assumed to be T R100 , 10,000 K and [2.7, respectively, which are mean values for the Galactic plane (Haslam et al. 1982 ; Salter & Brown 1988) . The departure coefficients for the model parameters are obtained by interpolating from a precomputed table on a grid of electron temperatures and densities. The emission measure that is required to produce the observed line inten- Lockman (1976 Lockman ( , 1980 , Hart & Pedlar (1976b) , and Heiles et al. (1996b ;  bottom frame) along with 327 MHz spectra taken from Paper I (top frames) toward the same positions. The 327 MHz spectra are from observations with a beam of 2¡ ] 2¡ (Paper I). The 1.4 GHz spectra are constructed by adding the Gaussian components of the lines detected in all the available spectra in the same region. The amplitude scale for each of the spectrum is marked separately.
sity is then obtained iteratively using equation (1). For a given combination of electron density and temperature, the expected line width caused by both Doppler and pressure broadening were taken into account. The background radiation temperature at the cloud position is obtained as discussed in°3.1. Figure 2a shows a plot of the estimated emission measure as a function of density for various temperatures. At each electron temperature, the intersection points of the curves corresponding to RRLs at 1.4 GHz and 327 MHz give the density of the gas. The electron density is well determined within a factor of 2 regardless of the temperature and emission measure. The uncertainties in the estimated density are caused mainly by (1) the uncertainty in the estimated angular size, (2) the assumption that the Galactic background radiation has a uniform emissivity, and (3) uncertainty in the estimated distance.
The density of the ionized gas estimated for di †erent positions using the method described above is given in Table 2 . The derived densities are in the range of 1È10 cm~3. Figure   3 shows a histogram of the derived electron densities. These values are consistent with the earlier estimates of density of the ionized gas by Anantharamaiah (1985b Anantharamaiah ( , 1986 .
3.5. Constraining the T emperature and the Size of the Ionized Region It is not possible to obtain an unique combination of the temperature and the size of the line emitting region just from the 327 MHz and 1.4 GHz data (Anantharamaiah 1985b ). This impossibility is illustrated in Figure 2b for the data at position G11.6]0.0. In this Ðgure, using the density as determined above, the emission measures required for producing the measured RRL intensity near 1.4 GHz and 327 MHz are plotted as a function of electron temperature. A large range of emission measures and a correspondingly large range of temperatures can produce the observed line intensity at the two frequencies. Figure 2b also shows that no further constraints are imposed by the upper limit for the line to continuum ratio at 75 MHz of D10~4 observed by Erickson et al. (1995) . The parameter space to the right of the 75 MHz curve is consistent with the upper limit and thus could provide only a cross check on the consistency of the model obtained from the 1.4 GHz and 327 MHz lines. For the position G13.9]0.0, no solution consistent with the 75 MHz upper limit could be obtained.
In directions where the model is consistent with all the RRL observations, upper limits on the electron temperature and the size of the line emitting region were estimated using other criteria. These criteria are (1) the line width, (2) continuum emission from the ionized region, and (3) the dispersion measure (DM) produced by the region. The line width caused by Doppler broadening cannot exceed the observed line width if we assume that the broadening is purely because of thermal motions, thus providing an upper limit to the temperature. This upper limit is signiÐcant only for the positions where narrow (\15 km s~1) lines were observed. The ionized gas responsible for RRL emission also produces continuum emission, the intensity of which is a function of electron temperature and emission measure (Shaver 1975 ). The measured continuum at the observed positions have contribution from both thermal emission from the cloud and nonthermal emission from the Galactic background. At frequencies higher than a few GHz, a good fraction of the continuum emission (D50% at 10 GHz in the inner Galaxy ; Broadbent, Osborne, & Haslam 1989 ) is thermal ; hence, the measured continuum temperature at these frequencies can be used as a further constraint. The measured continuum temperature can have contribution from the nonthermal background emission as well as from other ionized components that are not detected in RRLs near 327 MHz and thus can only provide an upper limit to emission from the ionized gas producing the observed RRLs. The continuum temperature toward the observed positions near 2.7 and 10 GHz were obtained from the maps of Reich et al. (1990) and Handa et al. (1987) , respectively. To get an average continuum temperature toward the observed positions, both these maps were convolved with a beam comparable to the resolution of the 327 MHz RRL survey. The continuum temperatures thus obtained for these frequencies are given in Table 1 . For the data at the position G11.6]0.0, the cloud parameters that can produce the observed continuum temperatures are indicated by two curves marked appropriately in Figure 2b . The intersection of these curves with those obtained from RRL Plot of the emission measure required to produce the observed line and continuum intensity as a function of electron temperature. The density as determined from (a) is used to obtain this plot. The curves marked 327 MHz and 1.4 GHz are the set of parameters consistent with RRL observations at these frequencies. The parameter space consistent with the upper limit obtained on RRL emission at 75 MHz is to the right side of the curve marked 75 MHz. The plot of emission measure required to produce the observed continuum brightness temperatures at 2.7 and 10 GHz for di †erent electron temperature are marked and respectively. The intersection of the curve "" DM lim ÏÏ with those marked T C2.7 GHz T C10 GHz , 327 MHz and 1.4 GHz gives an upper limit on the emission measure, and thus on the temperature, from consideration of dispersion measure, obtained from the electron density model of Taylor & Cordes (1993). observations gives an upper limit to the temperature and thus an upper limit to the size of the line emitting region.
Study of the dispersion of pulsar signals gives the column density of electrons along the line of sight. Analysis of DM measured toward pulsars of known distances was used by Taylor & Cordes (1993) to construct a free-electron density model of the Galaxy. We impose the constraint that the DM caused by the ionized gas that produces the observed RRLs should be less than that obtained from the electron density model of Taylor & Cordes (1993) . The DM in a given direction is obtained from the electron density model by considering a Galactic disk of radius 15 kpc and integrating the electron density over the line of sight to the edge of the disk. The upper limits on the electron temperature and size obtained toward G11.6]0.0 using this criteria are shown in Figure 2b . The DM estimated from the electron density model in this direction is D1400 pc cm~3.
The range of physical parameters for the ionized regions obtained using the above criteria is large. This large range is clear from Figure 2b for the case of G11.6]0.0. The derived upper limits on the electron temperature and the size for all the directions and the criterion that resulted in the upper limits are given in Table 2 . The upper limit for the temperature is typically 12,000 K and that for the path length is D500 pc. For a few positions, the temperature of the line emitting region is constrained by the observed line width. The upper limits thus obtained are, in some cases, less than 5000 K. These regions may be similar to the lowtemperature H II regions reported earlier by Shaver, McGee, & Pottasch (1979) and Lockman and colleagues (1989, 1996) . Since the temperature is not well constrained for other positions, we estimated the path length through the line emitting region by assuming K for the T e \ 7000 ionized gas, which is close to the mean temperature of H II regions near the solar circle as determined by Shaver et al. (1983) . This temperature is also consistent with the value obtained by Heiles et al. (1996b) for the low-density ionized gas from RRL observations near 1.4 GHz. The estimated path lengths are in the range of 20È200 pc (see Table 2 ). Figure 4 shows the histogram of the estimated path lengths. These values are comparable to those estimated by Anantharamaiah (1985b) .
For most of the positions, the derived parameters corresponding to both "" near ÏÏ and "" far ÏÏ kinematic distances are NOTE.ÈTwo entries given for some of the positions correspond to "" near ÏÏ and "" far ÏÏ kinematic distances
The last column indicates the criterion that resulted in the upper D c . limit : "" a ÏÏ equals limit from DM ; "" b ÏÏ equals limit from line width ; "" c ÏÏ equals limit from 10 GHz continuum. a b\0¡ for all positions. b Factor used to convert the observed line antenna temperature near 327 MHz to line brightness temperature.
c Estimated path length for an assumed electron temperature of 7000 K for the T e ionized gas.
given in Table 2 . In the longitude range l \ 75¡ to 83¡, the Ha intensity obtained from the models with "" near ÏÏ distance, after taking into account interstellar extinction, are not consistent with that observed by Reynolds (1983) . Therefore, for these positions, the parameters were estimated assuming the "" far ÏÏ distance.
In the longitude range l \ 5¡ to 10¡, no model consistent with the 75 MHz upper limit could be obtained when the ionized gas is placed at the "" far ÏÏ distance.
COMPARISON WITH OTHER RELATED OBSERVATIONS
Widespread presence of low-density ionized gas in the inner Galaxy is evident from other observations as well. Examples are (1) free-free absorption of the Galactic nonthermal background radiation in the inner Galaxy at frequencies less than 100 MHz (Westerhout 1958 ; Shain, Komesaro †, & Higgins 1961 ; Broadbent et al. 1989 ; Dwarakanath 1989 ) and (2) presence of widespread emission of di †use [N II] 205 km and [C II] 158 km Ðne-structure transitions in the Glactic plane (Wright et al. 1991 ; Nakagawa et al. 1998 ). This section uses the derived electron density and the estimated path lengths of RRL emitting gas for an assumed temperature of 7000 K (wherever upper limits on exceed 7000 K) to estimate the T e expected intensities of [N II] 205 km, [C II] 158 km, and Ha lines from this ionized component. The absorption of the Galactic background emission near 34.5 MHz caused by this low-density ionized gas is also estimated using these FIG. 3 .ÈHistogram of the derived electron densities of the ionized gas producing the RRL emission near 327 MHz. The estimated densities for both "" far ÏÏ and "" near ÏÏ distances are used to obtain this histogram.
parameters. The estimated values are compared with the observations.
Absorption of Galactic Background Emission at
34.5 MHz Our aim is to estimate the e †ect of the low-density ionized gas on the nonthermal background radiation near 34.5 MHz and compare it with the observed brightness temperature. The expected brightness temperature near 34.5 MHz in the absence of such ionized clouds can be estimated approximately using the measured brightness temperature at 408 MHz (Haslam et al. 1982) and scaling it to 34.5 MHz using the relation with the spectral T B P la index a \ [2.7 (Salter & Brown 1988) . Any ionized cloud along the line of sight attenuates the background radiation by a factor where is the free-free optical depth. The e~qc, q c net observed radiation intensity also has an unattenuated contribution from the foreground, which we compute using a simple model where the ionized region is placed at a distance from Sun. The background and foreground D c nonthermal emission are assumed to have a uniform emissivity in the Galactic disk. We assume that the ionized region is homogeneous and has an angular size of (along 1¡ .5 b) ] 2¡ (along l). The total column length in a given D bg direction is obtained by assuming a Galactic disk of radius FIG. 4 .ÈHistogram of the estimated path lengths of the ionized gas producing the RRL emission near 327 MHz. To estimate the path lengths, the temperature of the ionized gas is assumed to be 7000 K. The upper limits on the path lengths for positions where the maximum allowable temperature is less than 7000 K are also included in the histogram. Also, the estimated path lengths for both "" far ÏÏ and "" near ÏÏ distances are included in the histogram. 15 kpc. Using the solution of the radiative transfer equation, the observed brightness temperature can then be written
where is the observed background brightness tem-T sky (l) perature in the absence of the cloud. [T sky
are the contribution to the net bright-[T sky (l)/D bg ]D c ness temperature from behind and in front of the cloud, respectively.
The result of the computation is shown in Figure 5 . For comparison with observations, the brightness temperature near 34.5 MHz is obtained from the continuum map of Dwarakanath & Udaya Shankar (1990) . The brightness temperature near 34.5 MHz and the temperature scaled from 408 MHz observations are obtained after convolving the respective continuum maps to an angular resolution of Figure 5 shows that the absorption of the back-1¡ .5 ] 1¡ .5. ground radiation caused by the low-density ionized gas is FIG. 5 .ÈFree-free absorbing e †ects of the RRL producing ionized regions on the continuum brightness temperature along the Galactic plane at 34.5 MHz. The expected continuum temperature at 34.5 MHz without any absorption scaled from 408 MHz values taken from Haslam et al. (1982) and using a spectral index of [2.7 is shown as a dotted line. The solid line represents the estimated brightness temperature at 34.5 MHz after taking into account the absorption by RRL-producing gas. The dots indicate the positions at which estimates were made. Estimates made for both "" near ÏÏ and "" far ÏÏ kinematic distance are plotted as solid lines. The observed continuum at 34.5 MHz, taken from Dwarakanath & Udaya Shankar (1990) , is shown as a dashed line. signiÐcant ; it accounts for D50% of all the observed absorption. This computation takes into account only the low-density ionized gas that is responsible for RRL emission near 327 MHz along each line of sight. In reality, there are other forms of ionized gas present in the Galactic disk that can contribute to the continuum absorption at low frequencies. For example, the ionized gas responsible for optical nebulosities cataloged by Rodgers, Campbell, & Whiteoak (1960) and Sivan (1974) absorption (Dwarakanath 1989) . The limitations of the above calculations are (1) the background temperature at the cloud position is estimated by assuming a uniform emissivity for the Galactic nonthermal radiation, (2) uncertainty in the physical properties of the low density ionized gas (see Table 2 ), and (3) uncertainty in the estimated distances to the ionized gas.
[C II], [N II], and Ha Emission
For a temperature of 7000 K, the critical density below which [C II] 158 km and [N II] 205 km transitions can occur are D30 cm~3 and D150 cm~3, respectively (Osterbrock 1989) . The derived densities of the ionized gas responsible for the RRL emission are much smaller than these critical densities. We therefore explore the possibility that the Ðne-structure lines are produced in the same ionized region that are responsible for RRL emission near 327 MHz.
The equations used for the computation of the Ðne-structure line intensities are (Heiles 1994 ) and S are in units of cm~3 and pc, n e respectively. These equations are good approximations for temperatures in the range 4000È10,000 K and densities much less than the critical density. Cosmic abundances of C/H \ 4 ] 10~4 and N/H \ 1 ] 10~4 are assumed for obtaining the equations. We have used depletion factors of 0.5 for C and 0.78 for N for the computation of line intensities (Heiles 1994) . The estimated line intensities of the Ðne-structure transitions of [C II] and [N II] as a function of Galactic longitude using the physical properties of the ionized gas given in Table 2 are shown in Figure 6 . The intensities of these lines measured with the COBEÏs Far Infrared Absolute Spectrophotometer (FIRAS ; Wright et al. 1991) Nakagawa et al. (1998) . The angular resolution of these observations are 15@. The l-v diagram obtained from this data shows a good similarity with that obtained from the RRL observations in the Galactic plane. Thus, we conclude that a considerable amount of the observed [C II] lines originate in the lowdensity ionized gas that is responsible for the RRL emission at 327 MHz and 1.4 GHz. This conclusion is consistent with the suggestion by Heiles (1994) .
The Ha intensities from the RRL emitting low-density ionized gas are computed using the equation (Heiles 1994 )
where is the intensity of Ha emission in Rayleigh I Ha ( \ 2.4 ] 10~7 ergs cm~2 s~1 sr~1), is in units of 104 K, T e and S are in units of cm~3 and pc, respectively. The n e observable intensity of Ha emission, however, will be less than the computed values because of interstellar extinction. We have used values of obtained from the visual extinc-A v tion model of Hakkila et al. (1997) to take account of this attenuation. Figure 6 (bottom frame) shows the estimated Ha intensity, computed using equation (10), along with observed values taken from Reynolds (1983) . The Ha intensity obtained after applying the attenuation caused by interstellar extinction is also shown in Figure 6 . Figure 6 shows that most of the Ha emission from the ionized gas producing RRL emission near 327 MHz is not observed in the Ha survey of Reynolds (1983) because of large interstellar extinction.
The lines detected in the Ha survey consist of emission from discrete regions apart from a fainter, smoothly varying Ha background (Reynolds 1983) . The smooth background emission originates from ionized gas with an rms electron density of D0.1 cm~3 and is extended within D1 kpc from the Sun. The 327 MHz RRL survey is not sensitive enough to detect radio recombination lines from this gas. RRLs from discrete ionized regions producing Ha emission are detectable in some cases (Reynolds 1983) . However, in most of the directions, either the lack of sensitivity of the RRL observations or the interstellar extinction of Ha radiation make it difficult to detect both Ha and radio lines from the same ionized gas. Thus, low-frequency RRL observations complement the Ha survey.
ORIGIN OF THE LOW-DENSITY IONIZED GAS IN THE GALAXY

Results from the 327 MHz RRL Survey
The basic results from Papers I and II and the analysis presented in°3 of this paper can be summarized as follows.
1. In the low-resolution (2¡ ] 2¡) survey, hydrogen RRLs were detected in almost all positions in the longitude range l \ 330¡ to 0¡ to 89¡ (Paper I).
2. In the outer Galaxy (l \ 172¡ to 252¡), hydrogen lines were marginally detected in only three positions of the 14 observed. These observations were also made with an angular resolution of 2¡ ] 2¡ (Paper I).
3. Along the Galactic latitude, lines were detected up to b \^3¡ in the low-resolution survey. A lower limit to the scale height of line emission of D100 pc was deduced from these observations (Paper I).
4. In the inner Galaxy, the velocity-integrated line intensity shows large Ñuctuations as a function of Galactic longitude. These Ñuctuations imply that the line emitting region is not a uniform homogeneous medium (Paper I).
5. The line emission is well correlated (correlation coefficient \ 0.88) with the nonthermal continuum emission in the same direction indicating that stimulated emission is dominant (Paper I).
6. The l-v diagram and the derived radial distribution of RRL emission at 327 MHz show good agreement with those of "" intense ÏÏ 12CO emission and to some extent with those of high-frequency RRL emission from H II regions. On the other hand, the distribution of the Ha emission and H I emission in the Galactic disk is di †erent from that of the RRL emission near 327 MHz (Paper I).
7. Higher resolution (2¡ ] 6@) observations were made toward a selected set of 2¡ ] 2¡ Ðelds that were observed in the low-resolution survey. For l \ 35¡, hydrogen RRLs were detected in almost all the positions within the 2¡ ] 2¡ Ðeld. The line emission, however, does not appear to originate from a homogeneous medium and in many cases shows structures over an angular scale of D6@. For l [ 35¡, a comparatively fewer number of lines were observed within the 2¡ ] 2¡ Ðeld (Paper II).
8. Analysis of line emission observed in the higher resolution survey toward the 2¡ ] 2¡ Ðeld centered at l \ b \ 0¡ indicates that an individual line emitting region 45¡ .5, may have an angular size º1¡. This angular size corresponds to a linear size greater than 110 pc for a kinematic distance of D6.3 kpc. The central velocities of the line emission at di †erent positions within the 2¡ wide Ðeld are comparable with those of the H II regions in the Ðeld (Paper II).
9. The median width of the hydrogen lines observed in both high-and low-resolution surveys is D30 km s~1, which is somewhat larger than the median line width observed from normal H II regions (D26 km s~1 ; Papers I & II).
10. The density of the ionized gas as derived by combining the 327 MHz data with the RRL observations near 1.4 GHz is in the range 1È10 cm~3. Upper limits obtained for the temperature and size of the line emitting regions are D12,000 K and D500 pc, respectively. The sizes of the line emitting regions estimated by assuming a temperature of 7000 K for the ionized gas are in the range 20È200 pc (°3).
The origin of low-density ionized gas responsible for lowfrequency RRL emission in the Galaxy is not well understood although several observations exist. Some of the suggestions based on earlier work are that the lines originate (1) in an extended low-density warm ionized medium (ELDWIM) proposed by Petuchowski & Bennett (1993) (Mezger 1978 ; Heiles 1994 ; Heiles et al. 1996b ), (2) in lowdensity envelopes of compact, high-density H II regions (Hart & Pedlar 1976a ; Lockman 1980 ; Anantharamaiah 1986) , and (3) in evolved H II regions (Matthews et al. 1973 ; Shaver 1976 ). The following subsections reexamine these models in the light of our new observations and results.
Extended L ow-density W arm Ionized Medium
(EL DW IM) Mezger (1978) suggested that the low-frequency RRL and di †use free-free radio continuum emission in the inner Galaxy originate from extended low-density gas. He portrayed this gas as an ensemble of Galactic extended lowdensity (ELD) H II regions ; the size of these ELD H II regions are large enough for their spheres to Stro mgren partially overlap. This picture was further developed by Petuchowski & Bennett (1993) . They suggested a morphological model in which the extended low-density ionized gas is conÑated with the well-known WIM and referred to it as the "" extended low-density warm ionized medium ÏÏ (ELDWIM). In their deÐnition of ELDWIM, Petuchowski & Bennett (1993) consider all ionized gases with density less than 40 cm~3 (about a factor of 3 less than the critical density of [N II] 205 km transition) as one medium. In the interpretation of their 1.4 GHz RRL survey, Heiles et al. (1996a Heiles et al. ( , 1996b referred to the ionized gas responsible for "" di †use RRL emission near 1.4 GHz ÏÏ as ELDWIM. For the present discussion, we consider ELDWIM as a medium semipervasive in the inner Galaxy and having extended morphology as discussed by Petuchowski & Bennett (1993) and Heiles (1994) and is further elaborated below.
In the ELDWIM model (Petuchowski & Bennett 1993 ; Heiles 1994) , the ELD H II regions responsible for RRL emission are produced by bare O stars that are formed in the late stage of evolution of H II regions (Mezger 1978) . It is believed that all O stars are formed in dense clouds of gas, which, when ionized, produce an associated radio H II region. The O stars outlive the radio H II region phase because of their longer lifetime (6 ] 106 yr) compared to that of the H II regions (lifetime D5 ] 105 yr ; Smith, Biermann, & Mezger 1978) , thus forming bare O stars. The RRL observations, however, show that the line emission is associated with currently active star-forming regions. This association is evident from the fact that the distribution of RRL emission near 327 MHz in the Galactic disk is similar to that of "" intense ÏÏ 12CO emission and compact, higher density H II regions (Paper I). The "" intense ÏÏ 12CO emission originate from the "" warm ÏÏ molecular clouds, which are sites of active star formation (Solomon, Sanders, & Rivolo 1985) . Since ELDWIM is pictured as a semipervasive medium, not necessarily associated with star-forming regions (Petuchowski & Bennett 1993) , the above argument suggests that ELDWIM is not a favored site for the origin of low-frequency RRLs. One caveat to the above argument is that the angular resolution of the 327 MHz observations is 2¡ ; hence, the linear scale sampled by the beam at a typical distance of 5 kpc is D200 pc, which is much greater than the typical size of giant molecular clouds (D40 pc ; Combes 1991) .
A distinguishing characteristic of the ELDWIM model is that the low-density ionized gas is pervasive and widely distributed in the inner Galaxy (Heiles 1994) . This implies that the Ðlling factor of this medium should be large, at least in the inner Galaxy. Our estimates of the physical properties in°3, however, indicate that the low-density gas producing RRLs has a path length of only 20È200 pc for a typical temperature of 7000 K for the ionized region. If we consider the radius of the Galactic disk to be 15 kpc, then the Ðlling factor of this ionized gas is less than 1%. This value is comparable with that derived by Heiles et al. (1996b) toward the direction l D 20¡ in the Galactic plane. The Ðlling factors cannot be, in any case, higher than 3% since the upper limit on the path lengths obtained from our analysis is D500 pc. Furthermore, the low-frequency RRLs have a median line width D30 km s~1, which is much smaller compared to the spread of radial velocity caused by Galactic di †erential rotation. The relatively narrow width of the lines indicate that the line emitting region is not spread out along the line of sight. A region with a low Ðlling factor and conÐned to small regions along the line of sight cannot be considered as a distributed medium. We therefore conclude that the low-density ionized gas responsible for the RRL emission does not form a pervasive medium as suggested by the term ELDWIM.
In the morphological model proposed by Petuchowski & Bennett (1993) for the ELDWIM, the two observationally distinct distributions of the ionized gas (i.e., the WIM and the low-density ionized gas) are conÑated. According to this model, the rms electron density of the WIM Sn e 2T0.5 becomes large enough in the inner Galaxy to produce observable RRL emission. If this is true, then we expect the distribution of the RRL emitting gas to be similar to that of the WIM. As discussed in°4.2, any comparison of the distribution of these ionized gases in the inner Galaxy is complicated by the facts that Ha photons su †er large interstellar extinction and the sensitivity of existing RRL observations may not be adequate to detect the WIM in the inner Galaxy. Thus, "" WIM in the inner Galaxy produces observable RRL emission ÏÏ remains only a conjecture and does not (yet) have any observational evidence.
There are three other difficulties with the ELDWIM model. As described above, the O stars producing the lowdensity ionized gas are thought to evolve beyond the H II region phase and, hence, not to have any associated dense ionized gas. However, argue that it is difficult to disperse the dense gas, from which the massive stars are formed, during the lifetime (D4 ] 106 yr ; of the stars responsible for most of the ionization.
The second difficulty concerns the spectrum of the ionizing radiation. Using RRL observations near 1.4 GHz, Heiles et al. (1996a) have obtained constraints on the required spectrum of the ionizing radiation for the ELDWIM. They showed that it is difficult to generate the spectrum of the ionizing photons from the current models of star formation, which they refer to as the ionizingspectrum problem. Heiles et al. (1996a) have inferred this spectrum from the measured ratio of ionized helium to hydrogen from their RRL observations. The (n He`/ n H`) upper limit to this ratio measured from the RRL observations near 1.4 GHz is D0.013 (Heiles et al. 1996a ). This ratio corresponds to an upper limit on the helium ionization fraction of D0.13 if we assume that the hydrogen is fully ionized in the ELDWIM. Such a small ionization fraction can be achieved in H II regions if the ionizing radiation Ðeld is produced by massive stars with temperatures less than 35,000 K (equivalent to an O7 star ; Osterbrock 1989 ). From our current knowledge of the initial mass function and the total Galactic star formation rate, it is difficult to simultaneously obtain the required ionizing radiation Ðeld and the total ionization requirement for the WIM and the H II regions (Heiles et al. 1996a) .
Finally, the hot stars that are required to ionize the ELDWIM are usually considered to produce locally conÐned ionized regions (H II regions). In contrast, the ELDWIM is pervasive and widely distributed. Heiles et al. (1996a) argue that this pervasiveness leads to the difficulty that the photons from the hot stars have to travel long distances to ionize the ELDWIM, which they refer to as the morphological problem.
In summary, the ELDWIM has difficulty in explaining (1) the association of RRL emission near 327 MHz with the star-forming region, (2) the low Ðlling factor obtained from the derived physical properties for the low-density ionized gas, and (3) the observed typical low-frequency recombination line width of 30 km s~1. We conclude that the ELDWIM model does not portray the origin of RRL emitting low-density ionized gas in the inner Galaxy.
L ow-density Envelopes of H II Regions
An alternate model for the origin of low-density ionized gas is that it forms the large, low-density envelopes of normal H II regions. This hypothesis was proposed by Anantharamaiah (1986) based on his RRL observations with longitudes l \ 45¡. In this longitude range, the number of normal, higher density H II regions is large (D700) compared to that of other regions of the Galaxy. Anantharamaiah (1986) argued that if these H II regions have low-density envelopes of size D100 pc, then practically every line of sight in this longitude range will intercept at least one of them, thus explaining the ubiquity of lowfrequency RRL emission within l \ 45¡. The data in Paper I indicates that the H IIÈenvelope model can be further extended to explain the line emission in the longitude range l \ 330¡ to 0¡ to 89¡ since a good degree of similarity is seen between the distribution of RRL emission near 327 MHz in this longitude range and that of the star-forming region as indicated by "" intense ÏÏ 12CO and high-frequency RRLs from normal H II regions. Furthermore, there is no observational bias in our data since the 327 MHz survey forms a complete sampling of the inner Galaxy. The H IIÈenvelope model for the origin of the low-density ionized gas naturally explains some of the other observed features. The large Ñuctuations seen in line emission as a function of longitude can be expected in this model since the line-of-sight intercepts H II envelopes of di †erent physical properties. The Ðlling factor estimated for the low-density gas from our data is reasonable for the H IIÈenvelope model as the ionized gas responsible for line emission are individual objects of size 20È200 pc and thus will not form a pervasive medium as proposed by the ELDWIM model. The large scale height (D100 pc) derived for the observed RRL emission near 327 MHz compared to that of the H II regions is also expected in the H IIÈenvelope model since the sizes of the low-density envelopes (20È200 pc) are larger than the typical sizes of H II regions (1È10 pc). The detection of RRLs in almost all positions in the higher resolution observations near 327 MHz, toward Ðelds with l \ 35¡ (Paper II), and comparatively fewer number of lines observed toward Ðelds with l [ 35¡ can be understood in this model as follows. About 75% of H II regions identiÐed in high-frequency RRL surveys toward continuum sources are in the longitude range l \ 0¡ to 35¡
The average separation ( o b o \ 1¡ .5). between H II regions in this longitude is D compared 0¡ .08 to in the longitude range l \ 35¡ to 85¡. Considering D0¡ .3 that more than 50% of the estimated sizes of the lowdensity ionized gas are between 20 and 100 pc and assuming a distance to the ionized gas as 5 kpc, the average angular size of the H II envelope is D If we assume that most of 0¡ .5. the H II regions have an associated low-density envelope, then the probability of almost every line of sight in the longitude range l \ 0¡ to 35¡ intersecting at least one H II envelope is high. This probability is reduced in the longitude range l \ 35¡ to 85¡ because of larger angular separation between the H II regions. A similar argument can explain the lack of widespread emission of lines in the outer Galaxy since the number density of H II regions in the outer Galaxy is much less compared to that of the inner Galaxy.
There are direct observations which provide evidence for the association of large, low-density gas formations with normal H II regions. Analysis of the H166a observations from W3, W4, and W5 H II region complexes by Hart & Pedlar (1976a) shows the presence of low-density ionized gas that is associated with the H II regions. Recent observations of RRLs near 1.4 GHz by Heiles et al. (1996b) have detected lines that are attributed to walls of cavities in the galactic gaseous disk formed by clustered supernovae. These walls, which are termed "" worms ÏÏ by Heiles et al. (1996b) , are ionized by photons from the hot stars in the cluster the supernovae of which created the cavity. Heiles et al. (1996b) estimated that about 17% of the observed lowfrequency RRL emission originates in these"" worms.ÏÏ Most of the OB associations, to which a worm can be associated with, do indeed have radio H II regions. Thus, as pointed out by , worms can also be classiÐed in the H IIÈenvelope picture, in that they are also generated by ionizing photons that escape from the density-bounded H II regions. A recent low-frequency continuum observation of Orion A shows the presence of lowdensity ionized gas associated with the H II region (Subrahmanyan, Goss, & Malin 2001) , a further support for the H IIÈenvelope picture.
Association of a large, low-density component with normal H II regions is also indicated by a recent study of the luminosity function of OB associations in the Galaxy . For this study, considered two main possibilitiesÈ(1) there are more OB associations in the Galaxy than are observed as radio H II regions with the remainder being "" extended lowdensity ÏÏ H II regions (Mezger 1978) ; (2) the radio H II regions are partially density bounded and, hence, have an associated low-density envelope that is not bright in radio continuum. Comparing the luminosity distribution of H II regions in the Galaxy with that of other galaxies, concluded that the H IIÈenvelope picture is a better representation of the OB association in the Galaxy. This conclusion is consistent with the suggestion by Anantharamaiah (1986) and further supported by the data in Papers I & II.
The H IIÈenvelope model o †ers a natural resolution to two of the three problems encountered by the ELDWIM model that were mentioned before. As described above, in the H IIÈenvelope model, the low-density ionized gas is physically associated with normal, higher density H II regions. Thus, in this model it is not required to disperse the dense ionized gas during the lifetime of the stars, as is needed by the ELDWIM model. For the same reason, the ionizing photons need not travel long distances from the hot stars to produce the low-density ionized gas, thus resolving the morphological problem of the ELDWIM model. In summary, the H IIÈenvelope model explains the association of low-density ionized gas with normal, higher density H II regions as indicated by the 327 MHz RRL data (Paper I). The model also accounts for (1) the low Ðlling factor of the low-density gas, (2) large Ñuctuations observed in line emission as a function of longitude in the inner Galaxy, and (3) lack of widespread emission of lines in the outer Galaxy. In view of these and other evidence presented above, we conclude that the low-density envelopes of H II regions are the favored site for the origin of RRL emission observed near 327 MHz. Mathews et al. (1973) have used RRL and continuum emission near 1.4 GHz in the longitude range l \ 48¡ to estimate the properties of the ionized gas producing RRLs. They derived temperature and density for the line emitting region as D6000 K and D2 cm~3, respectively. These regions have an angular extent of D3¡È5¡. Based on these estimates, they suggested that the ionized gas responsible for low-frequency RRL emission are extended low-density H II complexes similar to NGC 2244, NGC 7000, and NGC 7822. Multifrequency centimeter-wave RRL observations toward a set of directions in the inner Galaxy were used by Shaver (1976) to constrain the physical properties of the ionized gas producing line emission. Analysis of these observations indicated that in most cases the ionized gas should have electron densities of 5È10 cm~3 and diameters of 20È150 pc with relatively high temperature (greater than a few 1000 K). Based on these derived parameters, Shaver (1976) also suggested that the gas responsible for line emission were the large low-density H II regions.
A Population of Evolved, L arge, L ow-density H II Regions
A large population of evolved, low-density H II regions in the inner Galaxy can explain many of the properties of RRL emission near 327 MHz. There is no physical reason for the evolved H II region to have a di †erent spatial distribution in the Galactic disk compared with those of compact H II regions. Thus, similarity of the distribution of RRL emission near 327 MHz with the star-forming region is expected in this model as well. This argument also explains the lack of the line emission in the outer Galaxy. The low Ðlling factor deduced from the estimated physical properties of RRL emitting gas is also expected in this model as the line emission originates in individual, evolved H II regions. For the same reason, the expected line widths do not have contribution from Galactic di †erential rotation ; hence, a typical line width of 30 km s~1 for the detected RRL near 327 MHz is reasonable. Thus, we conclude that an ensemble of evolved, low-density H II regions in the inner Galaxy as a model for the origin of low-frequency RRL cannot be ruled out from the existing data.
SUMMARY
An extensive set of observations of RRLs in the Galactic plane, at a frequency near 327 MHz were made by Roshi & Anantharamaiah (2000 using the Ooty Radio Telescope (ORT). This paper concerns the estimation of the physical properties of the ionized gas responsible for RRL emission near 327 MHz. The derived electron densities of the ionized gas are in the range 1È10 cm~3. The upper limits obtained for the temperatures and sizes of the line emitting regions are typically K and S D 500 pc. The T e D 12,000 path lengths through the regions, assuming an electron temperature of 7000 K, are in the range 20È200 pc.
Using the derived physical properties, we estimated the expected [C II] 158 km and [N II] 205 km line emission from these low-density ionized regions. Most of the [N II] emission and a considerable fraction of the [C II] emission observed by the COBE satellite could originate in the same ionized gas that is responsible for the RRL emission. The Ha emission from these ionized gases is mostly not detected in the existing Ha surveys because of large interstellar extinction. We also computed the expected free-free absorption of the Galactic nonthermal emission near 34.5 MHz because of the presence of these ionized clouds. About 50% of the absorption of the background radiation at frequencies less than 100 MHz could be caused by the lowdensity ionized gas.
We also discussed the origin of low-density ionized gas in the context of three of the existing modelsÈthe ELDWIM model, the H IIÈenvelope model, and an ensemble of evolved, low-density H II regions. On the basis of the similarity of the distribution of the RRL emission in the Galactic disk with that of the star-forming regions and the range of derived physical properties, we have suggested that the RRL emission originates from low-density ionized gas that forms envelopes of normal H II regions. Our estimated Ðlling factor for the low-density ionized gas is less than 1%. This low Ðlling factor indicates that the ionized gas does not form a pervasive medium as suggested by the term "" extended low-density warm ionized medium ÏÏ (ELDWIM) that has been used in the literature to describe this component. However, the origin of low-frequency RRL emission from an ensemble of evolved, low-density H II regions cannot be ruled out from the existing data.
